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We present a unified picture of flavor and electroweak symmetry breaking based on a nonlinear
sigma model spontaneously broken at the TeV scale. Flavor and Higgs bosons arise as pseudo-
Goldstone modes. Explicit collective symmetry breaking yields stable vacuum expectation values
and masses protected at one loop by the little-Higgs mechanism. The coupling to the fermions
generates well-definite mass textures—according to a U(1) global flavor symmetry—that correctly
reproduce the mass hierarchies and mixings of quarks and leptons. The model is more constrained
than usual little-Higgs models because of bounds on weak and flavor physics. The main experimental
signatures testable at the LHC are a rather large mass mh0 = 317± 80 GeV for the (lightest) Higgs
boson and a characteristic spectrum of new bosons and fermions at the TeV scale.
PACS numbers: 11.30.Hv, 12.60.Fr, 12.15.Ff, 11.30.Qc
Motivations. Naturalness of the standard model
seems to demand new physics at or around the 1 TeV
scale. On the other hand, precision measurements do not
show any departure from standard physics up to roughly
10 TeV. This little hierarchy problem is solved in little-
Higgs models [1] by introducing new particles near 1 TeV
in a sufficiently hidden fashion as not to show in the pre-
cision tests.
The Higgs sector of the standard model also contains
the physics of flavor in the Yukawa lagrangian, that is,
fermion masses and mixing matrices of the three gener-
ations. What happens if we try to include flavor (hor-
izontal) symmetry breaking in the little-Higgs models?
At first sight, this seems impossible because of the much
higher scale of the order of 104 TeV (mainly coming from
bounds on flavor changing neutral currents) at which fla-
vor symmetry breaking should take place. However, the
bounds depend on the specific realization of the symme-
try breaking and they are not necessarily so strong if the
flavor symmetry is global and there are no flavor charged
gauge bosons [2].
As we show in this Letter, it is indeed possible to
take closely related breaking scales for the electroweak
and flavor symmetries and thus unify the two in a sin-
gle little-Higgs model. This unification, beside solving
the little hierarchy problem provides—along the lines of
the Froggart-Nielsen mechanism [3]—stable textures of a
well-defined type that correctly reproduce the mass hier-
archies and mixings of quarks and leptons.
The model gives a characteristic spectrum testable at
the LHC of new particles, in addition to those of the
standard model, and a lightest Higgs boson mass that
is more constrained than in the usual, electroweak only,
little-Higgs models.
The sigma model. In order to have a single, uni-
fied model a` la little Higgs describing the entire flavor
structure as well as the electroweak symmetry breaking,
the Higgs boson and the flavons must be the pseudo-
Goldstone bosons of the same spontaneously broken
global symmetry. These pseudo-Goldstone bosons—we
shall call them flhiggs—should transform under both fla-
vor and electroweak symmetries.
We consider a SU(10) global symmetry spontaneously
broken to SO(10) at the scale f . Fifty-four generators of
SU(10) are broken giving 54 real Goldstone bosons we
parametrize in a non-linear sigma model fashion as
Σ(x) = exp [iΠ(x)/f ] Σ0 , (1)
with Π(x) = tapia(x), where ta are the broken generators
of SU(10), pia(x) the fluctuations around the vacuum Σ0
given by
Σ0 ≡ 〈Σ〉 =


0 I4×4 0 0
I4×4 0 0 0
0 0 0 1
0 0 1 0

 . (2)
Within SU(10) we identify seven subgroups
SU(10) ⊃ U(1)F × [SU(3)× U(1)]
2
W × [U(1)X ]
2 , (3)
where the U(1)F is the global flavor symmetry while the
[SU(3) × U(1)]2W are two copies of an extended elec-
troweak gauge symmetry. The standard model weak
group SU(2) must be extended because it is otherwise
impossible to have different vacuum expectation values
for the weak and the flavor symmetries by means of fhiggs
fields in the fundamental representations. The groups
[U(1)X ]
2 are two copies of an extra gauge symmetry we
need in order to separate standard fermions from the ex-
otic fermions the model requires because of the enlarged
SU(3)W symmetry that turns the fermion weak doublets
into triplets.
The breaking of SU(10) into SO(10) also breaks the
subgroups [SU(3) × U(1)]2W × [U(1)X ]
2 and only a di-
agonal combination survives. On the contrary, the flavor
symmetry U(1)F survives the breaking and we eventually
have that
U(1)F × [SU(3)× U(1)]
2
W × [U(1)X ]
2
→ U(1)F × [SU(3)× U(1)]W × U(1)X . (4)
2The breaking in the gauge sector [SU(3) × U(1)]2W ×
[U(1)X ]
2 → [SU(3) × U(1)]W × U(1)X leaves 10 gauge
bosons massive. The remaining 44 Goldstone bosons can
be labeled according to representations of the U(1)F ×
[SU(3)×U(1)]W×U(1)X symmetry as two complex fields
Φ1 and Φ2 that transform as triplets of [SU(3)]W , have
the same U(1)W and opposite U(1)F charges (they are
not charged under the exotic gauge symmetry U(1)X);
two complex fields Φ3 and Φ4 that transform as triplets
of [SU(3)]W , have the same U(1)W (equal to that of Φ1,2)
and opposite U(1)X charge (they are not charged under
the flavor symmetry U(1)F ); a sextet of complex fields
zij ; and four complex fields s, s1, s2, and s3, which are
flavor singlets.
All these fields are still Goldstone bosons with no po-
tential; their potential arises after the explicit breaking
of the symmetry to which we now turn.
Collective symmetry breaking. The effective la-
grangian of the pseudo-Goldstone bosons must contain
terms that explicitly break the SU(10) global symme-
try. These terms provide masses of the order of the scale
f for the s, si and zij fields. However, each term sepa-
rately preserve enough symmetry to keep the flhiggs fields
Φi exact Goldstone bosons. Only the simultaneous ac-
tion of two or more of the terms (collective breaking)
turns them into pseudo-Goldstone with a potential, even
though there is still no mass term. Quadratic terms for
the flhiggs will come from the coupling to right-handed
neutrino, as we shall discuss presently.
The effective lagrangian is given by the kinetic term
L0 =
f2
2
Tr (DµΣ)(DµΣ)
∗ , (5)
the covariant derivative of which couples the pseudo-
Goldstone bosons to the gauge fields W aiµ , Biµ and Xiµ
of the SU(3)
W i , U(1)W i and U(1)X i respectively. The
index i runs over the two copies of each group. We de-
note the gauge couplings of SU(3)
W i by gi and those of
U(1)
W i by g
′
i.
The lagrangian in eq. (5) gives mass to the zij and s3
fields. On the other hand, each term of index i preserves a
SU(3) symmetry so that only when taken together they
can give a contribution to the potential of the flhiggs
fields.
At this point the fields s, s1 and s2 are still massless.
To give them a mass, we introduce plaquette terms—
terms made out of components of the Σ field that preserve
enough symmetry not to induce masses for the flhiggs
fields.
We therefore have the effective lagrangian
L = L0 + a
2
1f
2 |Σ4,4|
2
+ a22f
2 |Σ8,8|
2
+ a23f
2 |Σ4,9|
2
+ a24f
2 |Σ8,10|
2 + a25f
2 |Σ4,10|
2 + a26f
2 |Σ8,9|
2 , (6)
where ai are coefficients of O(1). The relative signs of the
plaquette terms are in principle arbitrary and presum-
ably fixed by the ultraviolet completion of the theory.
In the breaking of [SU(3)×U(1)]2W → [SU(3)×U(1)]W
nine gauge bosons become massive with masses of or-
der O(f) and gauge couplings g = g1g2/
√
g21 + g
2
2 , g
′ =
g′1g
′
2/
√
g′21 + g
′2
2 , respectively. We identify g with the
SU(2) weak coupling of the standard model. These heavy
gauge bosons—because of their mixing with those with
lighter masses to be identified with the standard model
gauge bosons—induce corrections on many observables
that we know to be constrained by high-precision mea-
surements. Their presence is the major constrain on the
scale f and, accordingly, the naturalness of the model, as
discussed for the littlest-Higgs model in [4].
The effective potential for the flhiggs fields is given by
the tree-level contribution coming from the plaquettes
and the one-loop Coleman-Weinberg effective potential
arising from the gauge interactions.
After integrating out the massive states by means
of their equations of motion, the potential of the four
pseudo-Goldstone bosons Φi, the flhiggs, is made of only
quartic terms:
V1[Φi] = λ1(Φ
†
1Φ1)(Φ
†
2Φ2) + λ2(Φ
†
3Φ3)(Φ
†
4Φ4)
+ λ3(Φ
†
1Φ1)(Φ
†
3Φ3) + λ4(Φ
†
2Φ2)(Φ
†
4Φ4)
+ λ5(Φ
†
1Φ1)(Φ
†
4Φ4) + λ6(Φ
†
2Φ2)(Φ
†
3Φ3) (7)
+ ξ1|Φ
†
1Φ2|
2 + ξ2|Φ
†
3Φ4|
2
+ ξ3(Φ
†
1Φ3)(Φ
†
2Φ4) + ξ4(Φ
†
1Φ4)(Φ
†
2Φ3) ,
where the coefficients are given in terms of the gauge
coupling gi, g
′
i and plaquette coefficients ai.
Quadratic and quartic terms
V2[Φi] =
∑
µ2i (Φ
†
iΦi) +
∑
χi(Φ
†
iΦi)
2 (8)
that are necessary to induce vacuum expectation values
for the flhiggs fields are not generated in the bosonic sec-
tor discussed so far. In order to introduce them we couple
the pseudo-Goldstone bosons to right-handed neutrinos
with masses at the scale f . This means that the fla-
vor and electroweak symmetry breaking of the model is
triggered by the right-handed neutrinos. This is done
again along the lines of the little-Higgs collective sym-
metry breaking: to prevent quadratically divergent mass
term for Φi—and thus render useless what done up to
this point—the Yukawa lagrangian of the right-handed
neutrinos sector is constructed by terms that taken sep-
arately leave invariant some subgroups of the approxi-
mate global symmetry SU(10). In this way the flhiggs
bosons receive a mass term only from diagrams in which
all the approximate global symmetries of the Yukawa la-
grangian are broken. Because of this collective breaking,
the one-loop contributions to the flhiggs masses are only
logarithmic divergent.
As an example, consider the Yukawa lagrangian for two
pairs of right-handed neutrinos ν1cL , ν
2c
L , ν
′1
R and ν
′2
R and
their interaction with one of the flhiggs fields Φi. The
relevant terms can be written as
LνRY = η1f
[
ν1cL ν
′1
R
(
1−
Φ†iΦi
2f2
+ · · ·
)
3+
i
f
ν1cL Φ
†
iν
′2
R + · · ·
]
+ η2fν2cL ν
′2
R . (9)
From eq. (9) we see that the one-loop quadratically di-
vergent contribution to the mass of Φi cancels out and
a mass term can only come from diagrams with simul-
taneous insertions of both terms, that linear in Φi and
proportional to η1 and the mass term proportional to η2.
The complete right-handed neutrino sector is given by
twelve 10-components multiplets. The reason why we
introduce so many fields is that we eventually want dif-
ferent, and independent, mass terms µ2i to be induced
in the effective potential by the right-handed neutrino
sector.
After integrating out the right-handed neutrinos,
we obtain the divergent one-loop contributions to the
pseudo-Goldstone bosons masses:
µ2i ≃ η
2
kη
2
j
f2
(4pi)2
log
Λ2
M2η
, (10)
where in the logarithm we have generically indicated the
mass of right handed neutrinos with Mη ≃ ηf .
From eq. (9), we can also estimate the one-loop diver-
gent contributions to the quartic terms in the effective
potential of eq. (8) coming from the right-handed neu-
trino sector:
χi ≃ η
4
j
f2
(4pi)2
log
Λ2
M2η
, (11)
where the coefficients ηj need not be different as in
eq. (10).
The effective potential for the pseudo Goldstone
bosons is therefore made of the sum of eqs. (7) and (8).
We want to find vacuum expectation values for the fl-
higgs fields Φi in this potential that breaks the symmetry
[SU(3)× U(1)]W × U(1)F × U(1)X down to the electric
charge group U(1)Q. Such a vacuum is given by the field
configurations
〈Φ1〉 =


0
vW /2
vF /2

 〈Φ2〉 =


0
vW /2
−vF /2

 〈Φ3,4〉 =


0
0
vX/2

 . (12)
The conditions to be satisfied, in order for eq. (12) to be
a minimum yield an expressions for the vacua vF and vW
as functions of the coefficients of the effective potential
together with some conditions on the masses µi. Notice
that all the relationships discussed can only be approxi-
mate since the coupling of the scalar fields to the fermions
eventually introduces small corrections.
Experimental constrains and lightest Higgs
bosons. After symmetry breaking, the model is de-
scribed at low-energy by a set of gauge and scalar bosons.
The structure of the gauge boson sector is complicated
by the mixing of the standard model gauge bosons to the
new states we have introduced. Our general strategy is
to impose that the charged currents of the model coincide
with those of the standard model. This done, we are es-
sentially left with the theory of the standard model with
the addition of a massive neutral gauge boson Z ′ and we
must check that its presence affects all parameters within
the experimental bounds.
A more complete analysis would require that also the
corrections arising from the effective operators induced
by the heavy gauge bosons with masses O(f) be included.
They enter to O(v2W /f
2) and force the scale f to be
above 4 TeV [4] in most little-Higgs models. Notice that
the overall fit of these corrections against the experimen-
tal electroweak data can in principle be improved by the
presence in the flhiggs model of additional parameters
thus lowering the scale f with respect to that found in
the case of the littlest Higgs model. We are more inter-
ested in the consistency of the framework than in its de-
tailed realization and therefore we neglect, in this Letter,
these O(v2W /f
2) corrections. [4]. Also notice ref. [5] for
a simple way, which can easily be applied to our model,
to lessen the bound in [4].
The mass of the Z ′ gauge boson is bounded by data
on Drell-Yan production (with subsequent decay into
charged leptons) in pp¯ scattering to be larger than 690
GeV [7]. We require that deviation in ρ and the Weinberg
angle be within 10−3 while the deviations in the neutral
current coefficients to be less than 10−2. This choice put
these deviations in the tree-level parameters in the ball
park of standard-model radiative corrections.
The importance of these constrains resides in their fix-
ing the values of the free parameters vF and g
′. The
bound on the ρ parameter essentially fixes the gauge cou-
pling g′ ≃ 0.06. Once g′ has been fixed to this value, the
bound on the mass of Z ′ requires
vF ∼> 1260 TeV . (13)
We would like to have vF as close to vW = 246 GeV as
possible but the phenomenological constrains force it to
a higher scale that, in what follows, we take at its lower
bound.
We now turn to the scalar sector of the model. The
number of scalar bosons can readily be computed: the
number of degrees of freedom of 4 complex triplets is 24.
Of these 9 are eaten by the gauge fields, while 1—the
would-be Goldstone boson of the spontaneous breaking
4of the U(1)F global symmetry—is eliminated, after intro-
ducing the fermions in the model, by an anomaly. There-
fore, the scalar sector contains 12 scalar bosons, ten of
which are neutral, two charged.
For arbitrary coefficients of the potential we lack an
analytic result for all their masses. Their values depend
on vF and g
′ and, after having fixed them, it is a func-
tion of the parameters of the potential. To obtain an
estimate of these masses, we vary the numerical value of
the coefficients in the potential by a Gaussian distribu-
tion around the natural value 1 with a spread of 20%
(that is σ = 0.2). This procedure gives us average values
of these masses with a conservative error and we can con-
sider the result the natural prediction of the model. For
each solution we verify that all bounds on flavor chang-
ing neutral currents are satisfied. This is possible at such
a low energy scale because the relevant effective opera-
tors induced by the exchange of the flavor-charged flhiggs
fields are suppressed by powers of the fermion masses over
f [2].
The lightest neutral scalar boson (what would be called
the Higgs boson in the standard model) turns out to have
a mass mh0 = 317± 80 GeV. This a rather heavy—that
is, larger than 200 GeV—Higgs mass is due to the value
of vF we were forced to take in order to satisfy the bound
in eq. (13). It is a value that only partially overlaps with
the 95% CL of the overall fit of the electroweak precison
data that gives mh0 < 237 GeV [8]. It provides us with
a very testable prediction of the model.
Above the lightest scalar, the other scalar masses are
spread, the heaviest of them reaching above f . The light-
est charged Higgs bosons has a mass mh± = 560 ± 192
GeV.
What is the overall fine-tuning in the model with
the mass (given above) for the Higgs boson and f ≃
3 TeV? It is around 10% when we include the fine
tuning in the parameters of the potential in eqs. (7)–
(8) required by the split between vF and vW and the
O(3λtf
2/(8pi2) log Λ2/f2) corrections to the Higgs mass
coming from the top-like extra fermions loop. Therefore,
while there is still a certain amount of fine tuning, this
is substantially less than in the standard model with a
light Higgs boson.
Fermion mass textures. The coupling of the fl-
higgs to the fermions gives rise to mass matrices with
well-defined textures generated by the flavor charge as-
signment and the powers of parameter k = v2F /f
2 that
accordingly enter the Yukawa lagrangian [9]. In terms of
this texture parameter, we can write the mass matrix for
the neutrinos, after the see-saw originated by integrating
out the heavy right-handed states, to O(k) as
M (ν) =


0 1 O(k)
1 0 O(k)
O(k) O(k) 1

 , (14)
and
M (l) =


0 0 0
O(k) O(k) 1
0 1 O(k)

 , (15)
for the charged leptons. Similarly, we find to O(k2) for
the up quarks
M (u) =


0 0 0
0 0 O(k)
0 O(k2) 1

 (16)
and
M (d) =


0 0 O(k2)
0 O(k2) 1
0 O(k2) 1

 (17)
for the down quarks. For k of the order of the Cabibbo
angle (and therefore f ≃ 3 TeV), these mass matrices
reproduce— for assigned values of the Yukawa coeffi-
cients ofO(1)—in a satisfactory manner the experimental
data on mass hierarchies and mixing angles. Notice that,
on the other hand, the problem of the absolute value of
the neutrino Yukawa couplings with respect to the oth-
ers is only partially addressed by the low-energy see-saw
taking place in the model.
The flhiggs model contains also a number of exotic
fermionic states with masse at the TeV scale coming from
the extended SU(3)W symmetry and from the imple-
mentation of the collective-breaking mechanism in the
fermion sector. Even though they are only weakly cou-
pled to the standard fermions, they can be used as further
experimental signatures.
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